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(57) Abstract: 




PURPOSE: A spot-size- 
converter integrated 
semiconductor laser and 
fabricating the same are 
provided to be easily 
manufactured with optimizing 
the LASER and the SSC region, 
respectively. 

CONSTITUTION: The device 
includes a first waveguide(42), a 
second waveguide(45) provided 
with the SSC region in the form 
of ridge and an active layer in a 
planar buried shape for coupling 
an optical mode to the first 
waveguide(42). The SSC region 
is formed in such a way that the 
width of the active layer is 
gradually reduced until the spot 
size of one end becomes 
approximately zero. 
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g ggg ey^aoi aioixi 21 sa^^si siii goisnni sie^ e ise 331 sippi ass ai 

OIX10II 39 2SS, HI 1 EBS, S &3| HI 1 £D1 S01I SEE31 2&3i= £1X1 SEH°1 i2E 331 
e&S^ SS0H£lijEH2| IS§°S OI^CHS! HI 2 E15I S&Slffl , &3| S2E 331 S* 
S &3I SS§2| =01 g^Slfe 3IS3IS l^iD. 

0121 SOI S ggOIIAHfe gSOHUi! 9101X1 ^£21 ^EIIIS §EH2J IEE 331 a&Aia 
ECU, aiOIXHS&SES 0|¥CH£! EII1S2I ^SHH§! ggAI, i2E 331 S«- g^CHIAl EIUS2| ^8 

a^Ais aioixi s^oiiah aioi £^soi aixi a eh 21 eihsoii si'as^ »« sisife iee 



£4 



4?£/Q/ 

see 331 sspi, ssc, aiom, aixi, gSDHns, see 



Z.&2I zt&m 

e is sai3i^°i hi 1 oil chi mm sse 331 ssppi aea ai 01*121 ?s bse, 

£ 2fe S£H3|#2| HI 2 00 Oil COS I2E 331 S&3I31 a&S 9IO|X|2| ?S BSE, 
E 3S S913|^2J HI 3 Oil CHI COS SEE 331 SS13I31 a&S 9I0IX|2| BSE, 

Efes era si ^aioiioii mm aixi sehsi §22 331 ssppi ase 9101x1 3h^e, 

E 5ais E 42] A-A'dCHI COS EUS S2<2j ^5 BSE, 

E 5b E 42) EIUS S^S ^gSlfer 2| g°| §§§ 39IH. 

E 6a5= E 42| B-B'dOII COS ^5 BSE. 

E 6bi= E 42) C-C'£!0|| COS ?2 BSE, 

E 7a LHXI E 7ffe S gAIOIIOII COS EJ XI §EH2| ©EE 331 S&3I31 S§*9 gSOHUi! 91 
01X121 HIS Si BSE, 

E 88 E 7b Oil EAIS *M Sli =£§8131 ¥|8H HI^S HS^et mie^ 01 M 01 §81 01 ^SS! E 

ms hhs2i :h^e. 
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Msg 21 £g 



mSOl ^<J/b ?l£ A' J SOPSI WSHJIg 
S B a'gg §±X10II SB 3EMAH. mm SEE 33| eSS^KSpot Size Converter; SSCPr StfE! 10 

DHiis aioixn ai n sis » a oil set 3som. 

gj^^og »^8j»aoa Mgsi-b xpha s§! ass narew ^sh/h^ ey* 5 stasia Ah 
gsixi ass £3 sxhi^es aioixia stg^Ba sg&oi oiPCHTnoi: nau, s&^ej be 

XII aiOIXIb i^ti BS^ 2E gfhAIS HH b Sit £^8 5£bOH, 01b 211 01 H 

EE21 BiSE SS^°I SE3|- 331 ggJxIil SO|3| (fflgOia. 

BEfll ai 01 XI 2| 2E 331b 1/iin 012, 4=5J g^gfjjf 4=g gfffo^ 3 ;>|;)|. q = EJ-§!ga gEHB 
5>b BIS, BSEE EE 331b 10A«»OI3, EE EgOl SgOICJ. 

0121 as bHIS SH28h3l 9\o\0\ . 8101X1 S^3J g&ohOI S^S°| SE 33|§ g3hA|3|H EE S 
gfS \*SfA|3*| BiEE £3)1 S2&S S)b 1EE 331 B&UKOISI- 'SSC'fif 

») ^5 Oil CD St B?3t »&8I a^a3 2iU. 01 a & SSCS Olg&ESAM aiO|X12f 3rg£? AhOI CHI SO 
2SS AlgSIXI Ste *!S39J SSSOI 3 r g8 r 3, 38 ggg 3£|3 b I§l SHgExi §§ 

Si 4= 91Q. 

SSC IS aiOIXH ^2 At 311 Oil /H 35iaOHOr- § gg 3101X12) 2gk i^i ?)3HAH 

aiOIXI g^CHIAHb S£E3 r aiOIX) figSOII 9 ^afaCH SiCHOt BCK 01 te S3rS31l^(0ptical 
Confinement factor)* g3)A|31 aiOIX|2| gJ3|iafl» bs^b sj&S &C1. 

32HU, SSC S^OIIAlb aiOIXI SSSOfl gSEi iit^ES SS8I0I ge| 3|ieO||AH2| SEE 

33|3 r gb8| g3h3E^ SHOt 8H3. SSC S^g &2| gM£« (Radiat ion loss) aoi SEE 33|» 
SS1AI31 "Si 8)0101- SO. 

seoii ogfeh ssc ^sgoi siBastbai. 3 g chs^b * 3m ?ji ^meaia. 

3h§ pjxi xii ai s ssg £Sjw is ^saai 210H ee^ ^-mm &mMd\t= ^z^m, e 1011 

EAISI01 91Q. 

e is sai3i^2i ?3ii on oil mm see 331 g&3i3f g&a ai 01x121 ?s bsesai, ssc s^g 

Hl§ 59J = (Butt-joint) I& ai|2S aiOIXI Ellf £21 aSSfeQI. tUg soie exHOIIAHfe EEhS2| 
^ XHI 3>h 3 II El ^JH\m SS^ES SOI SSC SBOIIAIfe 0.1mm OISJS SCHSOiOt &a. ouiah, 
SSC S^S SSShBAH EllfS ¥ffll3| ga»££ i=^SIfe dg«5j g« g§ SiSi OlgSfOj 

0I3IAH, §5¥S 11g nS 2^. 12b ng Inp SSHSS, 13,14b 2}2} pg3} ng InP a#^E+S, 15 
b p-lnP SaiS#, 16S pg 2^, 178 4=eEnh£,18g aiOIXilf^S, 19b mSSEie 3flQS UE| 

tact. 

3a.HU, &m£} S£H3|ft2| M 1 0||b ^MD\ ¥7»g ¥^3f g, k g ¥bOIIAH 5S0I ^XIslXI &0f S§ 

soi m^m g>3« an, ^si3ii s^s g>3« as gg ^soi xisiab gxiiaoi si3. e& ^ei^ g 

^ IS SSS ¥|5h01 1§ 52iS a^8f3fl #X|SH0t 81ES I§ ^SA| 8IS 2^31 SfOrXlb 

bfll§0| sio. 

01 • SHgsPI ¥I5H , EWS2I ^Dlli» S51AI9IXI S3, EH|£ =S SS^ES a^Aia EE 33|» 
§3hA|3|b gfSOl fllEiaSibQI, 01 &B£ d§i3 li SSI AhSSfXI StbClb S§0| £IE 

U, EllfS ^S 0.2-0.3/^^X1 § ^ Sh^fl SSoHOt- Sib OiagOl 2iCh. 01 §E2| §^Eb AhSSAI 
■ Ahgg 4= 2i3 ax^asKE-beam lithography) §21 gfSOl 0|§a010t olbdl, 01 3? CHif ^a- 
Oil SIBStXI & 3)1 gCf. 

¥ Sr S Oil AH SSC g&0||AH2| aniS ?50|| 2I5H S^S2| EE E^S 1S9E5 01 SOI 
AHa EEIS Eg Oil COB4- SSCa ^^01 S XhOIS S2JCJ-. 51XIB, SSCa am ^aS(0IIB BE1 &A^ 
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m, see sb ^e.i m)m $mm&&M saioi ssc eeoiiAHsy ebs sg>s s^smi sisife =3 
g ^xi sta. 

01 5H eJ- oH§8)5| ?loK, SEEISfDouble waveguide core) ^2°l SSC5) Bl SibQI , 01b 

SSCS^Oll ¥ 5H2) Enf£(A,B)§ glii, 8H42) EM Ab aiOIX) S«^ej SIS = gj^og a 
5IS gJS)A|51 SEES ^#3)5)1 313 E 3rL12| EErS Bb S3S212I SS1}# ¥)3K)j S EE 321 

s ste^ oi£i fli^ohw eeis aoiiai sta it ^steib saoi aissie sip. 

01 g^oiiE ssc ^ss eei-s a°j ^jhiu =g ioi Ems a°j si Ems bchi i§rAi5i ^ 

b 3J0IP. 3£1U, SSC §^ e&0HAH°l EE SgfOI EM A5) Old EM B2| E£f0)l 2|8t) 1§S 
Pb 30IIAH SS £4=21- ¥S8)5)I 2JS@ EE 351 SB ^1 28 4= 2iPb S§0| SIP. 

01 a B Sag 0IIS ttlMB. E 2b S9I5I^2| 312011011 PS 1SE 351 SB5I5) i&S 511 

0|«2| ^S E+SESAH, SSC S^OIlAi 3101X1 S3§2| =g iiXr^ES gOI 0191^011 1S3 8fg ¥ 

j»2i eeisoii 2SAi?ife &3oip. ^ 221 i,'2ie ssii aioix) s3S(22)es oimsib ?m Ems 

21 SEE SBS(21)8 «K 0iam EfflSf 1S§W, 3 9)0)1 2BI3ES pS lnPgdHSS(26)S 3 

ssicw. aioixi »^g(22)s aaea. aioixr sss(22) a a oil t)3£ib s§sg) p-n a&e es 

S(Proton) 4^EJ8 S5H BI518)3, p§ S^(27)g gSfBP. 

351 een5i*°i Bi20iib bis g§oi zmsixieh sissi p-n seoi aiom H3#(22) s*ei oilisi 

SEE SBS(21)8 ?IB EEISOIIAIE 5BI315II 901 S§8 SSA|9|fe bsoi sm. & 

a. ess oigsis m¥ asset p-n §si maw 4 sixipj. s§°i ^33 s^smi p-n 

SifS BI5)8t01 10 OHUg 31 01 XI » IfS ^Si Eg! 4b 21b SBI30I SIP. 

sanies!) bi 3 out. e 3011 eais uist aoi, ixi?s§i ebb aioixi s^s(33)s g¥ bum 

813 91 01 El (Taper )S 91 K EUSffli * Sxl^JES =g SOI 91 01 W S(32)8 1!38)3 SEE 

s oi gioinis(32)si mai^ou lag gf§? eeisodoii ituigjp. 

EDIS ESS 9loD SHI SSC S^WI lnP(34)B BI3SB *, aiOIX) g^OHAHb 0)|A)S t!3S)3 2S2| 

nasi ona§ aioixn asi ^, sis^es ssc s^oii/h aixi Ems(Ridge 

waveguide)S MQ&Ot. 

§ai5|#2| HI 3011b, ai 01 XI S « Oil A) SeOHlS ^51 ggS|2, SSCS^OilAHb »EM ?5 
S S?E^ 5)01 2t S^2| =as!ES a^jS) if 4 Slfe 3S0I SIEU, M^m ?ISHA|fe 4Bi2J 

<^2|3f 3S°I XD&SM 4S 5)010) 5)3, E ^^2) g§OI ?>b SISEXhm QH¥ SfOI- g§0| X\L[X\J\\ 

mmm bsoi sio. 

einj)xi E3@ tiKMi mss, si2i°) mgm nmMt aioixib saoHUS ?si pixio) 5^3 > sscb 
sem ?5§ iixiot ma. 

3£hu, ^s?! u)2) ea)5i^soiiAi ssc «isfs §ois^i s 4= sib a«i^ej at OI X) 2) 

^SOI X)6)E|3)I £13. ai OI XI °| s^g S3AI3PI ?loHA)b SSC°| agOl X)6)EI3II SO. ¥ S 

saioii asiasib xiuxi^i esoi iqs)?)i eies bigs) gmsf 4s°i xmm 
saisMi ao. 

□P-54-A) , «S& ?5i A)gSlX| aESAHE, aiOIXI S^jU SSC S^S Sl^SHf ^ 2lfe ?5 SI 

§s see 3HB»cfa ga)5i^°i sbiss ^^sioi sxd^oioi ss a gi ao! ^ ssc 35! a | 0 ,^ 
m m^m 4 2i§ aoia. 



& i§§ feOI Sa)5|^2) ^BISS 3HS8PI 9)51) °Jf?) 31ESA), ai 01 XI U SSC S^M 3|2| 
SISA) gOISMI SISSIES B SEE 351 S&5I5I a&S 3I0IX) « 3 BIS SSI BIS5)b9l 3 

s^^oi aim. 



351°) =5JS if 3 5)51 ?|& S gg°| SEE 351 ^B5|5) 1S)S SSXIb Bl 1 EM; S! 35| 
Bl 1 EEISOII SSE5) l&£|fe dIXI SEH2) SEE 35| a&S«3) S 3 ODD § 9)2) igfES 0I¥ 
0)5! Bl 2 EmSS SSSIffl, 35I SEE 35| SB g^g 35| if^S°l ^0| SS5)b 5|g5|S % 
3@ 2S «SES BP-. 

S BS2I SEE 35| SB5I5) §&9 aiOIXI2| BIS g)S8 Bl 1 EM, S£IS. Bl 2 EEISS ^ 
x)5)ES S3S)fe E+5)|, 35| Bl 2 EmS30|| ^aSUHBS S^Shfe &51I, 351 SSISlBieS 0)^3 
S OlgslOI 351 Bl 2 EEhSS 2jCHg! ^1^5)0) 91 01 X) S3 S3) S£E35iaB9°3S SAIOII S38) 
b B51I, 351 Bl 2 EErS ^81 Oil 2Wx)eSM S38)b &511 , 351 SSzlEhSg EBB SSOII S9I 
Sit §381b B5)|. 351 S£Hil#, S^XlBS ^ Bl 2 EE)SB <ye|^HS 3^8101 E-IXI meg 
S38rb B51I. ^ 351 5.IXIIIHB2I °^0)| S£|0|&SM S38)b B51IS SB8I01 0l¥0)3g sgo 
S BP-. 

b)^5|8)5)l. 351 Bl 2 EEISS 32, v 8lb &51I0IIA), 351 SEE 351 SDg^g 351 S3S2) =01 
SSShb 5IM5IS S3SI9, 5|#5|5) S Bl 1 g°^3f 5IS5I5) £fg Bl 2 S^ES 13£lb 5!S « 
SES BP. 
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oisK a agoi ji^o^oiiah §321 xi ma e *asi a(3M soia^i *jai 

tt 4* »» 3E^ 3 Ml 81 3B8PI flSKM, » BT92I 2(S tihS^e ^AlOjlM *£6t0| 
3 38H>IS BO. 

£ 4^ B 61 AIM Oil Dje axi*EH2| SSC S* S3 0Hil§ 9I0IX1M EA|* £22^, XII 1 

EE^^AH £| XI 3O(0(42):» XII 2 EfflSSAI aiOl XI *3 8(45)8 S38(3, 9101X1*38(45)1 4^ 

aiznjkh aioixiseuus aaeo. 

OI2f SAIOII gSE 33| B*gs*(SSC)8 §38(31 ?|»0| M 2 EE(^°] aiO|XI*38(45)S ^0| 3 

OPIAH, £1 XI 30(0(42)8 gf8 ¥WIM 01 . 91 01 XI *3 0(45)8 a XI 20(0(42)00 b|oH ¥WP( ¥ 
W^CH &2£ 321 £&S«(SSC)2] iB21 34^ ^01 5fO(£!C(. 

E 4g 8S8KN XFAII8I flaSB, 3IEKEAI 3^)3011 n-lnP 83138(41)8 n-lnP M9IS 

8(41)3011 a XI 30(0(42)* 838101. a XI 30f§ (42)3011 lnP8(43)0ll S^OH^jB 9101X1 

M&m(45)m 83*a. 

OPIAi, lnP0(43)8 91 01 XI g^0 (45) 3f aX|3O(0(42) A^ 01 Oil g3(^0/nlj InP »aS(53/51)0l S| 
0EJOI 01^01X13, 9101X1*30(45) 3¥0|| p-lnP M9l§8(54)OI ISBCf. 

SES, axi 30(0(42)3011 *aO|Q|HS(44)8 §138(01 BilO|XIS«(L)Ilf S2E 331 S^(SSC) 

3in& tii- a- soi, a Bag 3aioiioii a dixit afEias. oiiaa axi 3O(0(42):a( ai 01x1*3 

0(45)E^ 01 ¥01X112, 91 01 XI S38(45)2| s| gAhoj g^oHijl 9I0IXI XII ^ 38 1/*n~2 

pmS 8 3 8131 SXI 8(C(3(, SEE 331 as- (SSC) Oil AH SxF^E^ g0 , SSH 3^1 £^ § 

<*(SSC)2J »B0I|/Hfc £*£8I 3 = 01 SiCHXIE^ »CK 

012( 8321 9101X1 S^(L)0||AHfe ^8 S^M^S i£E^ 8(01 33^21 9101X1 MS 

8(01, SEE 331 ^ S^(SSC)01IAil= 9I0IXI #30(45)011 SEES *g axi 

3O(0(42)E^ OI^AI^ SEE 331 M 83(^313. SIK3ES gJA^S 3^A|5N S3^2(2J 3*8 
^M^E^ 01 ¥211 BCK 

E 5afe E 421 A-A'^OII OS BBE0I2. E 5bfe ^ ^30821 339*011 OS iili EA| 

* 39tH0IC(. 

E 5a0|| EAI9 ti(2( 301, XII 1 EllfSe! *S a XI 30(0(42)8 50nm2J | n GaAsP(Eg=1 . 13eV)^ OI^CH 
XI 3, S3(§S(53)E^ A(g£Jfe lnGaAsP(Eg=1.0eV)2( £/X(^80(52)E^ 0l¥Oi£! 9I0IXI #30(45) 
0| XII 2 EHf^l §38(3, ¥ Ellf^I gdl 8(3| ?|8(0| ¥ EH[S A(0I CHI n-lnP &aS(51)8 J)\W 

y^C(. Oia 38 CHI p-lnP M9IS0(54)3( p + -l nGaAs0(55)M 3 §8(01 Bfll EE(^ ^^S * 

3^C(. 

e 5bM s^8(oi mmm m^m msm^, hi 1 eh(^°i axi30(e(42)8 xii 2 ee^i ^P38(t ^ 

X(^^0(52)O)I dloH Bmm ^ ¥^l^( ^3, n-l nPM9i S 0(41 ) , n-lnP ^a0(51), p-l nP^9l S 0 (54) 
b ^IMOI a X|3O(0(42)OII til BH ^3 0\m 0M2J iifg S¥ e^8(C(. 

E 6a^ E 42| B-B'^OII IK^ BBESAI, 9I0I XI § 2* (L)Sfi EA|8(3 2iQ. 

E 6aOII EAIQ b(2( *0| , 9I0IXI S^(L)0]|AH^ ¥ EH(^, a XI 3O(0(42)3( 91 01 XI #3 0(45p( § 
AlOil ^XH8(feQI, Ol 3? 3DI3E^ ¥S3 iil x(OH( e 91 0| X)*30(45)O|| 2|6H ^8 SEE 

«s(6i)3i- issa. cKaAi, a«^ei aioixi ?ssi- g^e see s^m ^ ziq. 

E 6b^ E 421 C-C'^Oil IK^ Eh^E^AH , SEE 3^1 S^(SSC)2J i&l EA|8(3 2iC(. 

E 6b0ll EAIS d(S( 301, SEE 3^1 £K S^(SSC)2J ^E+OllAi^ XII 2 EE(^£! 91 01 XI #3 0(45) 
01 StXU SiCidfE ^01 U? ^CH SEE ^SOII^ ggf ^X| S* V ^C(. Hf d( AH , M^S2| EE ^3 
8 XII 1 EE(^o] aXI3O(0(42)OII 2]oH g§EJ^I £D(. a XI 30(0(42)8 ^8 X(0I2( ^8 

¥^l^ &i oH S2( = ^0| HOIXIAI e SSE2J ^S(64)^( ^SEIE^, a XI 30(0(42)21 

oil ma see 32i 2& §^(ssc)2j m&m m\m ^ aa. 

E 7aLHXI E 7h^ B ^§2] 41 Al Oil Oil (K^ a XI §EH2| SSC 3* SSOH^J^ 9I0IXH2J Xlli 5§ BB 
EOIQ. 

E 7aCHI EAIS b(2( 301, InP ^IB(EA| ^)301l n-lnPM9IS0(41) , a XI 30(0(42), n-lnP Ma 
0(51), 9IOIXI#30(45)e ^X^E^ i^B ^, 91 0| XI #3 0 (45) SSOII g^8 p-lnP0(71)3( 
lnGaAs0(72)e SSBQ. OI^IAH, lnGaAs0(72)8 ¥1011 4^8S S3 S *W 291 5§8(^| 91 

8(01 A(g9Q(. 

E 7bOII EAI9 b(2( 301. I nGaAs0 (72)3011 §K^4i^(73)e 0*T§* ^lf^^°[(73)M ^^^E 
1 ^1^8(01 EIUSI 138(^1 fl* *»3^Bt(73) S3* ^, *»3^Qt(73) IIH@e 0|g8( 

01 lnGaAs0(72), p-lnPS(71). 9I0IXI S30(45), n-lnP ^a0(51)g ^i^8(HSM| XII 2 EEi^i § 
SBO. 

Ol CLH , mm ^±^(73) EH id 8(^0II a CH 5! (Undercut )S §38(^1 9\oW ^I^S ^A|o(ffl, §3Elfe 
XII 2 EE(^2| =8 ^K^^^(73) DH©2| s aQ w CK 

C(Al 38(3, 018(21 01 All ^ £^01 i2§ EE(^ EHidM 2/^-3^soj Ms\ : R±^(73) EH ^ HJ- 21 
CH^e 0|§8(0i =?&m ^ 21Ut. 2w~~Zw ^2j IIH&8 A(2 SA(^E 0^81 =?mm ^ 2iCH , XII 
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* g§§ Er±ll V 4= Sid. 

E 8S S55f0, £ 88 §2f^4:^(81) HHS2f £H1£ DHe(82)°| DH^ES UEft« 5!2S. &|2t0|| oi 

§gfe esrusoi iah£|3 sis. s& ais35= aioixi ts§ eiiis2| =oi 1.5/moiEs. 

§J2lfr±e|(81) HHeS 3.5Am°l =S 

SEE 35| !*tr S^(SSC)0I|/H EII1£2| ^01 gxl*!2£ SCHSCH OOI gfeCHI, OI 5H &• IIH@g 15(7? 
£Si(81)0|| IS9 IWesi =(d,=3.5/an, d 2 =2/«)S §fl^2£ gCH 2WD\ £1511 Pjch?} Aj^S OIS 
SHAH S0I815II ?e!OI 5^8m. 5hS ISE 351 ^ g^(SSC)S C1AI ^ 5D2| g^(83,84)ES U 

voi Ems =01 goiEfe 5ig5ig irasisci. 

P. EII1S ^(L,)OI 1.5^0I|A1 0.5/^(L 2 )S gCHEfe S^(83)S gf£*!:a ESSIES 5IS5IS 3511 5H 
AH SEE 351 Sg- g«(SSC)2J a0l» gS3(2f 50m 0181). EE1S ^Ol 0.5/*i 0I8KL 3 )2| S^(84) 

° 5is5i« 35)1 me s^oi ^ 2(2Hi D\^m& J\mi\m skm see°i 01=01 ai a* 
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nent (Ji) with suppresscd-carricr (/ 0 ) and higher-order components 
(JL 3 ...). Here, /„ is a Bessel function, and 00 is a carrier angular 
frequency. 



j^w+o-isa^sieTHz) 




1*2 9*21** 



J^w-l 92.8816THZ) 
Fig. 3 Upper sideband spectrum output from x-cut LN OSSBM 

J. 1 («KJ=192.8716THZ) 



Conclusion: An jocut LN OSSBM has been demonstrated to suc- 
cessfully work at 10GHz with a carrier suppression ratio over 
25dB. 
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Fig. 4 Lower sideband spectrum output from x-cut LN OSSBM 



The SC performance of the x-cut LN OSSBM was evaluated 
using X = 1553.5nm LD Kght and an Q = 10.0GHz RF single- 
tone signal. The LD light was input into the OSSBM via a polari- 
sation-controller in between, and the OSSBM output was moni- 
tored by a spectrum-analyser . The RF electrical signal was divided 
into cosine and sine waves, and their powers were adjusted at the 
same level using attenuators before being supplied to the OSSBM 
RF electrodes. The optical phase differences between the first and 
the second waveguide arms of MZA, as well as between the third 
and the fourth arms of MZB, were accurately tuned by applying 
bias to the corresponding DC electrode of the sub-MZ. The opti- 
cal phase difference between MZA and MZB was adjusted mainly 
using the electrical phase-shifter installed in one of the RF lines. 
Additionally, by applying bias to the DC electrode of the main 
MZ of the OSSBM, the phase difference was finely maintained at 

71/2. 

Results: The obtained upper sideband SC spectrum is shown in 
Fig. 3. The angular frequency, gj, of the carrier (Jo) was 
19258161Hz (X. = 1553.5nm). Regarding the upper sideband, the 
intensified first-order component, J lt appeared at <o + Q = 
I92.9916TH2 as expected, and the carrier suppression ratio JJJq 
was found to be 25dB. The distinction ratio of Jo to J_ 3 was also 
observed to be over 20dB, supporting a practical SSB-SC per- 
formance of the x-cut LN OSSBM. The RF driving voltage to 
achieve the maximum SC ratio was 8.0Vp_ p . Similar results were 
observed in the lower sideband, as shown in Fig. 4. The carrier 
suppression ratio J-\IJq was higher than 25dB. 
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Low-cost, polarisation independent, 
tapered photodiodes with bandwidth over 
50GHz 

S. Demiguel, L. Giraudct, P. Pagnod-Rossiaux, 
E. Boucherez, C. Jany, L. Carpentier, V. Coupe, 
S. Fock-Yee, J. Decobert and F. Devaux 

50 GHz bandwidth photodiodes, attaining a compression point of 
+12dBm, have been fabricated The structure design allows an 
almost complete absorption at 25 um, corresponding to 0.5A/W 
responsivity and gives a polarisation dependence as low as 
±0. 1 dB. These components have been realised with a low-cost 
technology including etched waveguide input facet, antireflection 
coating on wafer and cleaving V-grooves. 

Introduction: High-speed optical-fibre communication systems 
over 40Gbil/s are required for optical links in the near future. 
Over the past ten years, work on detectors to reach such data 
rates has focused mainly on side-illuminated photodiodes. These 
have been investigated in order to improve the efficiency -band- 
width product compared to top-illuminated photodiodes, and have 
led to bandwidth as high as 1 10GHz with a respond vity of 0.63 A/ 

A drawback of side-ill urrunated photodiodes is the highly 
sophisticated packaging procedure needed to achieve good cou- 
pling performance. The cost of the photoreceiver grows conse- 
quently and could penalise some applications. One solution is to 
use. an evanescentry coupling photodiode integrating a spot size 
converter so as to enlarge alignment tolerances [2]. 

Our solution is based on evanescently-coupled photodiodes 
monolithically integrating a very low polarisation dependent spot 
size converter, leading to improved coupling efficiency and relaxed 
alignment tolerances. Furthermore, our device integrates etched 
waveguide input facet with antireflection coating on wafer, as well 
as V-grooves for precise cleaving. This drastically reduces the fab- 
rication cost compared to the conventional process (antireflection 
coating after cleaving). 

This Letter describes the design and technology of the double 
stage taper photodiode (DSTP). An optical analysis is also 
reported on tapers to determine the optimal geometry of the com- 
ponent. Responsivities of 0.37, 0.46 and 0.50A/W have been 
achieved, with less than ±0.1 dB polarisation dependence, on 10, 
20 and 25 urn-length diode, respectively. -3dB bandwidth measure- 
ments on 50ft load, corresponding to these lengths, are 50, 41 and 
36GHz. Finally, 7mA saturation current has been measured at 
50GHz and only -1 V reverse bias. 
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Pkotodiode design and fabrication: The DSTP structure shown m 
Fig. 1 is grown by MOVPE on a semi-insulating substrate. The 
DSTP structure proposed here integrates a design previously 
reported for phasar applications [3], A 9um-wide monomode 
input waveguide with three thin IuGaAsP (1.0 5 urn bandgap) lay- 
ers, in which is embedded a 0.7 InP layer, allows good coupling 
performance with standard fibres. 



P+-lnP:0.8nm 
nlcWnQaAs:03nm 




n!<WnGaAsP(L= 1 JB5\ar\) 
nid-mP 

nk*-bnQaAsP(X^ « 1 .OS^m) 



Fig. 1 Schematic structure of double stage taper pkotodiode 

The light is at first coupled to a monomode taper where power 
is confined in the InGaAsP (l.05um band gap) layer. Then the 
light is driven to the second multimode taper. The InGaAsP 
(1. 4 urn bandgap) second taper layer serves on the one hand as an 
n-type contact layer and on the other hand as an optical matching 
layer [4]. A better optical transition between the first, taper and the 
absorbing layer is achieved 

Our technology uses conventional contact lithography and does 
not require regrowth steps or electron beam lithography, thus 
allowing cost reduction. The photodiode mesa and both tapers are 
patterned using RTE. The first and second taper tips have 1 and 
0.5 Mm widths, respectively. The input waveguide facet is etched 
using a RIE process to provide smooth and vertical etching. 
Anti reflection coating is also deposited on-wafer and patterned 
with simple chemical etching. This fabrication technique allows 
on-wafer characterisation and screening of fully functional devices, 
further reducing the fabrication costs. 
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first taper length, pm 
a 
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second taper length, \xm 

*> Qgjjjj] 
Fig. 2 Responsivity and polarisation dependence against taper length 

a First taper length (Lt2 - 250pm) 
b Second taper length (Ul ~ 500 Jim) 

responsivity calculations 

• responsivity measurements 
- D - polarisation sensitivity measurements 



Results: Finite-difference 3D-BPM was used for evaluating photo- 
diode internal quantum efficiency, r\ h and the coupling efficiency, 
r|„ is estimated from overlap integrals between the fibre Gaussian 
mode and the input facet mode. 

Figs. 2a and b show the measured and simulated responsivity at 
1.55 Jim wavelength as a function of the first and the second taper 
lengths, IM and Lt2 t for a 4 x 20um 2 photodiode. These Figures 
also show the measured polarisation dependence. 

Measurements indicate 0.46 A/W as best responsivity for Lt\ = 
500 um and LCI = 250 um. As propagation losses grow with taper 
length, responsivities do not increase beyond these values. The 
polarisation dependence is higher when the first taper is short Lt\ 
ss 400um is necessary to achieve less than ±0.2 dB polarisation 
dependence and good homogeneity on wafer, while Ltl = lOOurn 
is efficient for the second taper. In agreement with BPM model- 
ling, a first taper length of 500pm is required to obtain a low 
polarisation dependence spot size converter. 




20 30 40 

diode length, \tm 

Fig. 3 Responsivity and ~3dB bandwidth against diode lengli 

Ltl = 5 00 urn, U2 = 250um 
responsivity calculations 

• responsivity measurements 
bandwidth calculations 

□ bandwidth measurements 

Fig. 3 shows experimental responsivities and corresponding 
3dB bandwidth, as a function of diode length, for 4um diode 
width. This Figure shows that light absorption takes place in the 
first 25um, leading to 0.5A/W. No significant variation with the 
polarisation is observed whatever the diode length. The polarisa- 
tion dependence is very low, less than ±0.1 dB. 037, 0.46 and 
0.5 A/W responsivities, as well as -3dB bandwidth of 50, 41 and 
36GHz, have been measured for 10, 20 and 25 urn-long diodes, 
respectively. The best responsivities are obtained for standard 
tensed fibre having 5.8 um spot size. The corresponding -IdB 
alignment tolerances reach 3 and 2.2|jm for horizontal and vertical 
direction, respectively. 




Fig. 4 50GHz RF power against photocurrent for 4x20 fjm 2 



Finally, these diodes also show an excellent high power behav- 
iour (see Fig. 4): the -IdB power compression point, measured at 
50GHz, is only reached over +12dBm optical power correspond- 
ing to a 7mA saturation current with only -IV reverse bias (the 
setup uses two beating lasers for generating 50 GHz optical signal). 
The overall photodiode performances (power, responsivity, etc.) 
can be improved further by better contact resistance as well as 
input facet fabrication, e.g. cleaved samples show responsivity in 
the 0.6 AAV range. 
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Conclusion: Double stage taper photodiodes have been realised 
with low-cost process for high-speed applications. An etched 
waveguide input facet technique with antireftection coating on 
wafer was used, together with V-grooves for precise cleaving. 
50GHz bandwidth and over +12dBm optical power have been 
achieved. 0.5 A/W responshrity has been measured for a 25 urn-long 
diode. Polarisation dependence is as low as ±0.1dB. These diodes 
are suitable for 40GbhVs and radio over fibre applications. 
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Ph otovolt aic effect in CdS on flexible 
substrate 

M.S. Shur, J. Sinius, R. Gaska and S. Rumyantsev 

The authors report on the photovoltaic effect in CdSCuS films 
deposited on flexible substrates at temperatures close to room 
temperature from using the water solutions of complex-salt 
compounds. The results demonstrate the feasibility of using this 
material for photovoltaic applications requiring covering of large 
complex surfaces. 

Solar cells on flexible and, ideally, stretchable substrates should 
find numerous applications in consumer and defence electronics 
for covering surfaces of complex shape in order to provide light- 
weight compact local power sources, which are more adaptable to 
the direction of illumination. Such cells might also be used as 
power sources for the artificial 'sensitive skin', which incorporates 
intelligent, flexible large-area sensor arrays along with software 
and data-processing capabilities. Such skin has been proposed for 
numerous applications in robotics, medicine, biology, industrial 
controls and defence [1, 2]. Future applications might involve 
solar batteries on textiles for electro-textile applications. 

In this Letter, we report on the fabrication and characterisation 
of such a photovoltaic element on a flexible substrate (viewfoil) 
using the deposition of polycrystalHne semiconductor CdS and 
metal films at low temperatures (close to room temperature). Our 
results demonstrate the feasibility of using such cells for applica- 
tions requiring covering large-area, complex shape surfaces. 



Our approach to fabricating such cells is based on our new 
process of depositing noncrystalline CdS (with a bandgap of 
2.4c V) and Cu*S (semiconductor/metal) films on flexible sub- 
strates at tenmeratures close to room temperature. Large-area sur- 
faces can be covered. We have covered areas up to 8.5 x 11 inches 
but the process can be scaled up. The work is also under way to 
develop semiconductor threads and semiconductor doth based on 
this technology. The devices built on these semiconducting and 
metal films will serve as building blocks for thin-film technology, 
which will enable us to develop the sensitive skin arrays. Then- 
properties are strongly affected by processing. These new material 
systems are ideally suited for 'sensitive skin' and electro-textile 
applications, since these films are suitable for development of opti- 
cal, thermal, piezoelectric and pyroclectric [3] sensors. 



vtowfoti 




Cu^^S CdS 
Fig. 1 Sample configuration 



The basic scheme of our film deposition process is described in 
[4]. We fabricated two types of structures. Structure 1 represented 
a lateral solar cell with alternating Cu^S and nickel contact 
stripes deposited on top of a viewfoil (see Fig. 1). These sets of 
contacts represented 'ohmic* and 'non-ohmic* contacts, respec- 
tively. Then CdS films ar^oxhnateiy 0.5um tmck were deposited 
on top using the water solutions of complex-salt compounds. 

Structure 2 was a 'sandwich' type photovoltaic cell, where the 
CdS film was sandwiched between an In 2 Oj layer deposited on a 
view foil and a Cu^ layer deposited on top. 
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Fig. 2 Dark current-voltage characteristics 
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Fig. 3 Spectral responsitivity 
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Fig. 2 shows typical dark current-voltage characteristics meas- 
ured for Structure 1. As can be seen from the Figure, the current- 
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